Methicillin resistant Staphylococcus aureus (MRSA) is a multidrug resistant bacterium that threatens the continued effectiveness of antibiotics worldwide. The objective of this study was to investigate the prevalence of MRSA and its antibiotic susceptibility pattern in patients with burns and bedsore. This was a cross-sectional study that was carried out at National Orthopaedic Hospital, Enugu, Nigeria. A structured questionnaire was used to obtain information on demographic and source of wounds. Pus from the wound was collected with swab sticks or 2ml syringe and analyzed bacteriologically, using mannitol salt agar sheep red cell blood agar. Isolates of Staphyloccus aureus were subjected to oxacillin and cefoxitin disc-diffusion assay and confirmed by chromogenic Brilliance MRSA 2 Agar; for identification of MRSA and MSSA. The MRSA and MSSA strains were tested for antimicrobial susceptibility patterns and multiple antibiotic index calculated. Of 104 wound swabs analyzed, 52 (50%) were Staphylococcus aureus isolates, while 21 (20.2%) were MRSA and 31 (29.8%) were MSSA. No significant differences were observed in the prevalence of MRSA among gender, duration of wounds, wound dressing interval and source of wound. There was an association between age, prolonged hospital admission MRSA infection. Methicillin-resistant Staphylococcus aureus isolates showed high resistance to ampicillin 90.5% followed by erytromycin 81% and ciprofloxacillin 71.4%.All the MRSA isolates were susceptible to vancomycin. All isolates of MRSA were resistant to β-lactams, aminoglycosides and quinolones group of antibiotic used. Minimum Inhibitory Concentration of vancomycin showed that the break point was between 0.5-2µg/ml and that of ampicillin was ranges from 4 µg/ml-128 µg/ml. MAR Index was >0.2 which indicates the resistance emanates from hospital. The high prevalence of MRSA and antibiotics resistance may increase the disease burden amongst these patients. It is necessary to establish an antimicrobial susceptibility surveillance system and to improve current infection control programs in the hospitals and community settings, to prevent the spread of MRSA. 
INTRODUCTION
Methicillin-resistant Staphylococcus aureus (MRSA) is a strain of Staphylococcus aureus that have acquired the ability to grow in the presence of methyl penicillin derivatives, including methicillin, oxacillin and nafcillin (1) . The first report of methicillin-resistant Staphylococcus aureus (MRSA) was in 1961 after the introduction of methicillin in clinical settings (2) . Subsequently, the spread was observed globally both as hospital acquired (HA-MRSA) and community acquired (CA-MRSA) infection within the population without any apparent risk factor (3) . MRSA have proven particularly difficult to treat because they possess antimicrobial resistance gene known as mecA (4) . Staphylococcal cassette chromosome mec (SCCmec) is a genomic island of unknown origin containing the antibiotic resistance gene mecA which is responsible for resistance to methicillin and other β-lactam antibiotics (5, 6) The reasons for the emergence of MRSA are multifactorial and can be attributed to host factors, infection control practices and antimicrobial pressures (7). Eileen and Venezia (7) attributed the use of levofloxacin and macrolides as promoters of MRSA spread within hospital environment. Hospital associated MRSA isolates often show multiple resistances to other commonly used antimicrobial agents, including quinolones, aminoglycosides, erythromycin, clindamycin, co-trimaxole and tetracycline (8,9).
Burn wound infection is a major complication in burn patients after initial period of shock and the chance of infection persist until complete wound healing (10). Thermal injury destroys the skin barriers that normally prevent invasion by microorganisms (4, 11, 12) .The removal of epithelial layer of the skin in burns enhances a suitable site for bacterial colonization and multiplication and presents a more persistent and richer source of infection than surgical wound (13).
Pressure ulcers are more common among patients who are immobilized because of injury, acute illness or sedation. Their immobile state does not have to occur for long for bed sores to develop and the prevalence is particularly high in hospital setting especially in critical care unit (14). The nature of burn or bedsore involves removal of epithelial barrier. Patients with extensive burn injuries or sore are especially susceptible to infections with MRSA due to loss of the skin barrier prolonged antibiotic therapy and reduced immunological capacity such that the T cells cannot reach sites of infection (15). MRSA infections in burn or bedsore patients are classified as a secondary infection because of the traumatized skin (16) .
Infections of these wounds may lead to systemic conditions such as septicaemia, pneumonia, endocarditis, deep-seated abscesses or multiple organ dysfunction syndrome (4) . Transmission of organisms can be from the patient's own skin, gut and respiratory flora. Healthcare provider-to-patient transfer is common, especially when healthcare providers move from patient to patient without performing necessary hand-washing techniques inbetween patients (17). The objective of this study were in two fold; to assess the prevalence of methicillin resistant staphylococcus aureus in burns/bed sore patients and determine the patterns of antibiotic resistance.
MATERIALS AND METHODS
Study Area: The patients were recruited from National Orthopedic Hospital Enugu. This is a tertiary health care institution with 701 bed spaces that is dedicated to handling of trauma, burns and accident victims. The hospital is a regional center for burns and serves the whole of south east and southsouth geographical region of Nigeria.
Study population:
The subjects for this study were patients that had several degrees of burns and patients that had developed bedsore due to prolonged illness. These patients were chosen because of long stay in hospital and have been administered with several antibiotics both topically, orally or injection. Those patients with burns and have not stayed a minimum of 30 days in the hospital were not selected. Those that cannot afford the hospital expenses but comes from their homes for treatment and dressing were included in the study. The participants were administered with a structured questionnaire to obtain information on demographic characteristics and risk factors that gave rise to the initial injury. Information was obtained either orally or via their medical records.
Ethical Consideration: Ethical Commitee of National Orthopaedic Hospital Enugu, Nigeria reviewed and approved the study protocol. The patients endorsed Informed Consent Forms and participation was voluntary.
Collection of samples:
The surface of wound was first cleaned with a disinfectant to eliminate surface contaminants. The sides of the tissue surrounding the wound were carefully pressed with hand until pus comes out. This was then collected with a sterile swab or a 2ml syringe. The pus samples were collected in batches and were immediately transported to the laboratory for bacteriological analysis.
Bacteriological Techniques: Swab samples and/or pus were aseptically inoculated into Blood agar (enriched with 10% sheep red blood) and Mannitol Salt Agar plates and then incubated aerobically at 37°C for 24 hours. The cultures were examined and those with growth were identified using typical morphological characteristics and biochemical methods. Isolates that were Gram positive cocci in clusters, catalase positive and coagulase positive were confirmed as S. aureus.
Identification of MRSA:
The S aureus isolates were subjected to secondary culture and antibiotic sensitvity to identify the MRSA and methicilin sensitive Staphyloccus aureus (MSSA) strains.The confirmatory antibiotics used were: Oxacillin disk (1 µg) and Cefoxitin disk (30µg),and culturing on Brilliance MRSA 2 Agar plate (oxoid, UK).
Antibiotic susceptibility test:
All the MRSA and MSSA isolates were tested for antibiotic susceptibility by the disk diffusion method according to the Clinical Laboratory Standard Institute (CLSI) guidelines (2012). The tested antibiotics were gentamicin (10µg), erythromycin (15µg), ciprofloxacin (5µg), levofloxacin (5µg), Rifampicin (2ug) clindamycin (2µg), Ceftriaxone (30µg), Ampicillin (10µg), and vancomycin (30µg).
Minimum inhibitory concentrations (MIC):
The MIC was done using ampicillin and vancomycin. Preparation of antibiotic stock solutions was according to CLSI and antibiotic dilution range of 0.06-32 mg/L for vancomycin and 0.03-128 mg/L for ampicillin was prepared using sterile Muller Hinton broth in serial dilution. Macrodilution method was used for the MIC.
Multiple Antibiotic Resistance index (MAR)
: Isolates resistant to the tested antibiotics in at least three of the following classes: β-lactams, aminoglycosides and quinolones group of antibiotics were considered multi drug resistant. The MAR index of an isolate is defined as a/b, where a represents the number of antibiotics to which the isolate was resistance and b represents the number of antibiotics to which the isolates was subjected to.
RESULTS
Patients with burns and bedsore wounds recruited for this study, comprised of 104 subjects. The males were 53(50.9%) and female were 51(49.0%); with a mean age of 36.6 ± 20.7(range1-86 year-olds).Out of 104 wound swab/pus, 52 (50%) S. aureus isolates were obtained, and 21(20.2%) were identified as MRSA while 31(29.8%) were MSSA.
Characteristics of patients:
The MRSA isolates were more in females than the males with 11(10.6%) and 10(9.6%) respectively. The presence of MRSA was independent of sex. The MRSA were obtained from all age groups with the highest 7(6.7%) from age group of 21-40 and 61 and above respectively. The age group of ≤20 and 41-60 years had 3(2.9%) and 4(3.8%) MRSA isolates respectively. The duration of wound though not statistically significant shows that patients that had suffered the infection within 1-2 years had the highest MRSA isolates, 12(11.5%). Of the 70 patients with burns, 14 (13.5%) had MRSA isolates while 34 patients with bedsore, 7(6.7%) had MRSA. The analysis of wound dressing indicates that the interval for routine dressing of wound as chosen by individuals or family was not statistical significant. p=0.504.To assess whether the MRSA was hospital acquired or community acquired, the status of the patients in respect to hospital admission were analysed. Those that were on admission for 6months or more were 51 of which 15 (14.4%) were positive for MRSA while those that were on admission for less than 6months were 53 of which 6(5.8%) were MRSA. There was an association between hospitalization and MRSA infection (p=0.022) ( Table  1) (Fig 1a) .The antibiotic susceptibility pattern was compared to MSSA and almost the same pattern were observed on MSSA with ampicillin having highest resistance 11(35.5%) (Fig 1b) . 
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TABLE 5: MAR INDEX ANALYSIS OF THE ISOLATES
The prevalence rate of 13.5% and 6.7% of burns and pressure ulcer respectively were relatively high which in a similar study by Nery Silver Pireet et al (24), identified a rate of 43.5% MRSA in patients with pressure ulcer and concluded that the rate of MRSA colonization in pressure ulcer is a risk factor which lead to prolonged hospitalization or poor prognosis.
In a study at Ibadan, Nigeria, Adetoye et al (21) identified 30.4% colonization of MRSA in wound patients but fail to show whether they are burns or bedsore.
There was no association between sex and infection though prevalence of MRSA was 9.6% in males and 10.6% in females. This was similar to other findings where there is no significant different (25).There was association when the age of patients were compared. MRSA infection affected participants of all ages with highest in those age groups of 21-40 and 60 + with the prevalence of 6.7%. This was agreed with the report of Bodh et al (26) who showed that MRSA was high in 10-40 year and those above 60 years but the difference was not statistically significant. Madani (27) reported that MRSA affected all age groups, but almost half (45.9%) of the patients were in the "extremes of age" group (< 1 or > 60 years). The problem with this outcome is that MRSA will induce severe disease irrespective of age which will eventually worsen their condition.
The duration of wound plays an important role in the outcome of infectious agents colonizing both burns and pressure ulcer. For instance, pressure ulcers result from long periods of uninterrupted pressure exerted on the skin, muscle and bone. In this study, MRSA was isolated more from the patients that had suffered from wound infection within 1-2 years, with prevalence of 11.5%. Earlier studies suggested that duration and intensity of predisposing illness leads to development of pressure ulcer (28). Therefore, conditions of associated with prolonged and impaired healing may enhance the colonization of MRSA in these group of patients. However, the intervals of wound dressing as chosen by individual or their family members as a result of their socioeconomic condition, where most of them cannot afford daily dressing expenses were not statistically significant likewise the source of wound. There was a significant association between length of admission in the hospital and MRSA infection as those that were on hospital admission for≥ 6months had the highest prevalence of 14.4%.This might be due to prolonged antibiotic treatment of severely sick patients, who generally have longer hospital stays, resulting in enhanced selection pressure (29).
It is a common practice in health sector that allows changes in antibiotic usage by physician to achieve immediate healing. Looking at the previous antibiotic usage, some of these prescription by physicians showed that ceftriaxone had the highest frequency of 16.3% followed by Augmentin with 14.5%.Some of these prescription may in turn be disadvantageous due to the induction of resistance to the microorganism and since MRSA are resistance to all β-lactams including cephalosporin (30). The overuse and misuse of antibiotics are major contributing factors for bacterial resistance; therefore antibiotics must be prescribed only when indicated and the drug chosen should have the narrowest spectrum of activity and be given at an appropriate dose and duration. High multi antibiotic resistance rate were observed in the MRSA isolates. Limitations of the study: In this study, characterization of MRSA into Hospital acquired and Community acquired was difficult, because the patients have been hospitalized during the course of injury. Secondly, the number of times the patients changed antibiotics were not ascertained due persistent buying of these antibiotics outside prescriptions by the physician which makes it difficult to control the antibiotic usage among the patients. Secondly, antibiotic genetic characterization of MRSA isolates was not carried out due to unavailability of reagents in our environment.
CONCLUSSION:
The prevalence of MRSA isolates is increasing in hospital settings and showed multiple drug resistance to the beta-lactams and commonly prescribed antibiotics. Vancomycin is the most effective agent against isolated MRSA and MSSA strains. These data show that antimicrobial resistance is increasing among Staphylococcus aureus strains in our locality. This increase highlights the value of prudent prescribing of antibiotics (including vancomycin) and avoiding their irrational use. It is necessary to establish an antimicrobial susceptibility surveillance system and to improve current infection control programs in our hospitals to prevent the spread of resistant microorganisms including MRSA especially with patients with burns and bedsore.
